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1.0 INTRODUCTION 
A For t r an  IV computer program has been w r i t t e n  t o  solve f o r  u n s t a b l e  
va lues  of t h e  t h r u s t  frequency from t h e  t h i r t e e n  s t a b i l i t y  equat ions  
der ived  i n  Sec t ion  10 of Reference 1. 
For completeness t h e  o r i g i n  and t h e  equat ions  themselves are p resen ted  
i n  Sec t ions  2.2 and 2.3. S p e c i f i c a l l y ,  t h i s  r e p o r t  p re sen t s  a For t r an  IV 
computer program t h a t  eva lua te s  the  n a t u r a l  f requencies  of a t h i n  c y l i n d r i c a l  
s h e l l  w i t h  f r ee - f r ee  end condi t ions and then  eva lua te s  uns t ab le  va lues  
of t h e  t h r u s t  frequency f o r  giben i n i t i a l  condi t ions .  This  For t r an  IV 
computer program i s  ope ra t iona l ly  compatible wi th  t h e  For t r an  Processors  
of t h e  IBM 7094 and t h e  Univac 1107 d i g i t a l  computers. 
c' 
Of t h e  t h i r t e e n  s t a b i l i t y  equat ions der ived  i n  Reference 1' and pre- 
s en ted  i n  Sec t ion  2.3 of t h i s  r epor t ,  e l even  were i d e n t i c a l  t o  t h e  s t a b i l i t y  
equat ions  der ived  previous ly  f o r  t h e  simply-supported case i n  Reference 2. 
A program t o  s o l v e  f o r  uns tab le  va lues  of t h e  t h r u s t  frequency f o r  
t h e s e  e leven  equat ions  w a s  wr i t t en  and t h i s  program w a s  p resented  i n  
Reference 3. With some modif icat ions t h i s  program i s  used t o  s o l v e  f o r  
t h e  n a t u r a l  f requencies  and uns tab le  va lues  of t h e  t h r u s t  frequency of 
t h e  eleven equat ions  i d e n t i c a l  between t h e  simply-supported case and t h e  
f r e e - f r e e  case. The necessary modi f ica t ions  of t h e  program presented  i n  
Reference 3 are given i n  Sec t ions  4.1 and 4..2, 
a c t i o n  of t h e  c y l i n d e r  of Reference 1, an a c t i o n  not  prev ious ly  considered 
i n  Reference 2, has  produced two a d d i t i o n a l  s t a b i l i t y  equat ions.  These two 
epuiatlons contain some beam parameters. 
Considerat ion of t h e  bending 
/ 
A For t r an  IV Computer Program prreeentad 
i n  Reference 4 has  been modified and then used i n  c a l c u l a t i n g  t h e  necessary  
beam parameters.  
5.1 and 5 . 2 .  
The modif icat ions of  t h i s  program appear  i n  Sec t ions  
All a d d i t i o n a l  sub rou t ines  t h a t  d i d  no t  appear i n  t h e  programs 
presented  i n  Reference 3 and Reference 4 are presented  i n  Sec t ions  6.1, 
6 . 2 ,  6 . 3 ,  and 6 . 4 .  The v a r i o u s  c o n s t r a i n t s  of t h e  program are g iven  i n  
Sec t ions  7.1, 7.2, and 7.3. 
A complete l i s t i n g  of t h e  For t ran  I V  Computer Program is  given i n  
Sec t ion  8.2. 
2.0 STABILITY CONSIDERATIONS 
2 . 1  Development of Equations involving only  C y l i n d r i c a l  Parameters 
This r e p o r t  is a companion r epor t  t o  t h e  f r e e - f r e e  a n a l y s i s  p re sen ted  
A l l  symbols unless  o therwise  i n d i c a t e d  w i l l  b e  those  used i n  Reference 1. 
i n  Reference 1. 
where 
As presented  i n  Reference 1 t h e  Matheau Equation i s  
8srL ToK 
a =  
I n 2  
wi th  ranges 
As shown i n  Reference 1 
(1) {7.1-4)* 
(3) E7.1-5) 
(4) E7.1-27) 
where f o r  s m a l l  va lues  of q 
(5) (7.1-28) 
/ 
A(0) = 1 + 
* I f  an equa t ion  appearing i n  this r e p o r t  appeared i n  Reference 1 also,  
t h e  equa t ion  number i n  Reference 1 w i l l  be shown i n  braces .  
3 
which after substituting q = Ya/2 and simplifying becomes 
3/2 y2 4 
A(0) = 1 + cot - 
2 16 (1-a) 
The expression for 8 is written 
(7) 
f 
8 - 2/n [sin-" {[A(O)lf sin 1 J 2 
which demonstrates that 8 is a function of 
and equation (2) in this report. 
by virtue of equation ( 6 )  
2.2 Oripin of the Two Stability Equations Involving; Beam Parameters 
and 
Two of the stability equations derived in Reference 1 contained beam 
parameters. These two stability equations are 
k = 1,2, ..., Nl 
r = 1,2,...,R 
. 
( 8 )  (1002-8) 
(9) {lo 2-39 ) 
j = 1,2, ..., MI 
k p 1,2,00.,N1 
m - 1,2,3 ' 
r = 1,2,...,R 
8 = -s to +s 
4 
Now 
as i n  Reference 3. 
Also 
R = 3  
Corresponding t o  
1) The f i r s t  bending mode 
2) The second bending mode 
3) The r o t a t i o n a l  mode 
and 
s = 5  
where S is t h e  number of terms of a converging series t h a t  are considered.  
The series is  
(10) [3.4]* 
This  series has  converged s u f f i c i e n t l y  a f t e r  f i v e  terms so on ly  
s = -5 t o  +5 
is considered.  
,/ 
Equat ions (10.2-8) and 110.2-391 have t h e  two parameters  ci and s i n  r 
them. These parameters  were introduced i n t o  t h e  a n a l y s i s  i n  Reference 1 
* A l l  equa t ion  numbers appearing in b r a c k e t s  are t h e  equat ion  numbers of 
t h e  same equat ions  i n  Reference 5. 
5 
t o  a l low f o r  t h e  end displacement of  t h e  c y l i n d e r ,  The relative end d i s -  
placement of t h e  beam i s  given i n  terms of t h e  parameter y i n  t h e  equat ion  
The displacement y is approximated c o n s i d e r i n g , t h e  Galerk in  Method by a 
s o l u t i o n  of t h e  form 
where 
q is a t r a n s l a t i o n  t e r m  
A 
i s  a r o t a t i o n  term and qB 
r = 1,2,...,R 
(12) (8.2-1) 
and 
[2.59] 
(13) 18.3-7) 
and 
E3051 
q (T)  is  a gene ra l i zed  coord ina te  a s s o c i a t e d  with 4 (E ) ,  t h e  n t h  v i b r a t i o n  
mode shape of a f r e e - f r e e  beam ( c y l i n d e r ) .  
n n 
(14) (8.3-9) 
and 
[3*51 
r = 1,2,...,R 
When t h e  express ions  (8.3-7) and (8.3-8)are s u b s t i t u t e d  i n t o  t h e  expres s ion  
f o r  u 
(a,+s) appears .  
,’ 
(9.1-36) and t h e  r e s u l t i n g  convo.lution i n t e g r a l s  a r e  eva lua ted  t h e  t e r m  ok 
The same convolution i n t e g r a l s  appear  i n  t h e  express ion  
6 
f o r  u (9.4-61, v (9.4-8) and w (9.4-101. The two a d d i t i o n a l  s t a b i l i t y  
equat ions  presented  earlier i n  t h i s  s e c t i o n  are 
jk jk jk 
w 
Iar+sI 1 
which comes from cons ider ing  u (9.1-361 and 
Ok 
(8) (10.2-8) 
(9) (10. 2-39 1 
which comes from cons ider ing  u 19.4-61, Vjk (9.4-81, and w (9.4-101. 
jk jk 
2.3 P resen ta t ion  of S t a b i l i t y  Equations 
2.3.1 Subrout ine UNSTl Solves Equation (10.2-6 1 
n =  
i 
n -  
01 w Ok [ ( i -2)2  + E i B l  -= 
where 
E =  i 
' i  - - 0
B 1 1 - -  
2 
8 2 - 
2 
B 3 I + -  
2 
{ +. i f  i-2 
L i f  i=3 
I 2  
- 
1 
- 
2 w02 - 
3 wO 3 
e 0 . e . . - 
N1 %Nl 
k = 1,2,  ..., N1 
i = 1 ,2 ,3  
7 
2 . 3 . 2  Subroutine UNST2 Solves  Equation { l o .  2-8 1 
where 
k 1 , 2 , .  , N 1  
r = 1 , 2 , . .  . , R  
s = -s t o  +s 
Ok w -S. r 
1 
-
-S Ok w 
1 - s+l e 
. . e . . 
1 -1 D 
0 e . 
1 1 . 
. 
0 e 
Y 
. 
s -1 
1 S 
2 -S 
2 -s+1 e . 
. e 
D 
e . 
0 . 
R S-1 0 . 
k = 1 , 2 ,  ..., N l  R S c Ok w 
8 
2.3.3 Subroutine UNST3 Solves Equation' (10.2-10) 
where 
m = 1,2 
j - 1,2, .. .#Ml 
m 
1 
2 
1 
2 
1 
2 
- 
e 
Y 
. 
1 
2 
I 
1 
1 
2 
2 
3 
3 
. 
M1 
M 
L 
-. 5 
w 1 
'12 
w20 
u20 
10 
10 
-1 
-2 
-1 
u30 
-2 
u30 
-1 
-2 
u 
M1° 
lo 
0 
9 
2.3 .4  Subroutine UNST4 Solves  Equation (10.2-131 
fi  
R -m 
"1 jO 
2 i ( i -2 )2  + E i S j  - = w 
where 
m 
1 
-
2 
1 
2 
1 
2 
';" L io 
1 
1 
-1 
9 0  
-2 
?o 
0" 
20 
2 
2 %O 
3 -1 w30 
I 1  j - if i=2 2 
- if i = 3  
E =  
i 
I :  
i 
1 
2 
3 
-
2 - B  
B 
2 + B  
10 
2.3.5 Subroutine UNSTS Solves Equation (10.2-161 
il -m I (i-2)2 + (p-2) + ( E . + E ~ )  8 I - W l  
0 j o  1 
where 
m = 1,2 
1 
j = 1 , 2 , . . . , M  
i = 1,2 ,3  i + P  
m 
1 
2 
1 
2 
1 
2 
- 
1 
' 2  
( -  i i f  i-1 
1 - i f  i=2  
1; i f  i=3 2 
" . 
-1 
Mi G2 
"M 0 
M1° 
1 
1 
1 
2 
3 
1 
2 
3 
1 
2 
3 
- 
; i f  p = l  1 - -  
E 
1 
1 
1 
2 
2 
2 
3 
3 
3 
1 - i f  p-2 2 
1 - i f  p-3 2 
n o t  admiss ib le  
1 
2 
1 
n o t  admiss ib le  
1 + 8  
2 
1 + 8  
n o t  admiss ib le  
/ 
11 
2.3.6 Subroutine UNST6 Solves Equation (10.2-191 
c9 
il -m 1 (i-2)2 - ( ~ - 2 ) ~  + (E: -E ) S I  - = i p ul u j o  
where 
m = 1,2 
j = 1,2,.0syM1 
i = 1,2,3 
p = 1,2,3 
i # p 
[- $ if i=1 
m 
1 
- 
2 
1 
2 
1 
2 
. 
. 
1 
2 
j_ 
1 
1 
2 
2 
3 
3 
. 
P 
. 
i=2  
i=3 
( - 4 if p=l 
_1, if p=2 
P 
i 
1 
2 
3 
1 
2 
3 
1 
2 
3 
-
. 
% 0 
1 
P 
1 not admis s ib le 
1 -1 + $ 
1 B 
2 1 - 6  
2 not admissible 
2 1. 
3 -B 
3 -1 
3 not admissible 
/ 
12 
2.3.7 Subroutine UNST7 Solves Equation i10.2-22 1 
t 
0 
where 
m - 1,2,3 
j = 1,2, ..., M1 
k = 1,29.e.,Nl 
i - 1,2,3 
m 
1 
2 
3 
1 
2 
3 
1 
-
. 
j 
1 
1 
1 
2 
2 
2 
3 
3 
3 
-
. 
M1 
M1 
M1 . 
k -
1 wl k = 1,2,...,N 
-2 
@lk . 
-3 
lk 
lk 
2k 
2k 
w 0 
wl 
i i2 
- 
Wik . 
0' 
3k 
3k 
3k 
-2 
-3  
w . 
w 
if i-1 ' I  - -  
i 
1 - if i=3 
0 
. 
w -3 k = 1,2,..*,N1 
i 
1 
-
2 
3 
1 - 4s 
4s 
1 + 4s 
13 
2.3.8 Subroutine UNST8 Solves Equation {lo. 2-25 1 
where 
m 
1 
2 
3 
1 
2 
3 
1 
2 
3 
- 
m = 1,2,3 
j = 1,2, ..., M1 
1 k = 1,2,...,N 
i = 1,2,3 
j -
1 
1 
1 
2 
2 
2 
3 
3 
3 
qk - 
wl lk 
':k 
-3 
lk 
2k 
2k 
2k 
3k 
3k 
3k 
w 
- 
0 1  
G2 
w3 
E' 
92  
-3 w 
k 
k = 1,2, ..., Nl 
. 
. 
. 
e e P 
. 
e e 
1 
2 
M1 
M l  
-1 0 . 
[ - $ if i=l 
i 
i - 
1 
3 
14 
2.3.9 Subroutine UNST9 Solves Eauation (10.2-281 
m - 
A 
Q -m 
w 1  jk 
'1 (i-2I2 - 1 + = w 
where 
1 
2 
3 
1 
2 
3 
1 
2 
3 
m = 1,2,3 
j = 1,2,...,Mi 
1 k = 1,2,. ..,N 
i = 1,2,3 
j 
1 
1 
1 
2 
2 
2 
3 
3 
3 
-
. 
e 
e 
M1 
M1 
M1 
k - 
1 %k k = 1,2,...,N 
':k 
lk 
2k 
2k 
'Zk 
3k 
3k 
3k 
G3 
wl 
w2 
. 
ijl 
62 . 
- 3  w * 
1 - + if i=l 
i I 1 if 113 2 
. 
. 
e e 
i;il 
M, 0 
. 
1 
'j3 k = 1,2, ..., Nl 
i - 
1 
2 
3 
-fs 
. -1 + fs 
4s 
15 
2.3.10 Subroutine UNSTlO Solves Equation' c10.2-31) 
where 
\- 3 if i=l \- $ if p = l  
1 
E: = { 7 if i=2 i { + if p=2 E =  P 
P 
1 
1 
1 
2 
2 
2 
3 
3 
3 
- 
+ if i=3 3 if p=3 1 
i f p  i = 1,2,3 
P = 1,293 
i k - i 
1 
2 
3 
1 
2 
3 
1 
2 
3 
- 
1 ':k 
l k  
l k  
-1 
2k 
'$k 
2k 
3k 
3k 
-3  
W2k 
E2 
w3 
w 
0'3 
-1 w 
'i2 
0 
0 
e 
-1 
i2 
3 3  
!lk 
YIk 
k = 1,29...,N 1 not admissible 
2 1 1 
3 1 
2 
2 
1 1 . 
2 2 not admissible 
1 + B  
2 
3 2 . 
1 3 . 
2 l + B  
not admissible 
1 M1 e 
2 M1 
MI 3 
16 
2 .3 .11  Subroutine UNSTll Solves Equation 110.2-341 
0 
where 
p = 1 , 2 , 3  
0 m k - i - P - 
1 1 1 1 not admiss ib le  
-1 + 8 
8 
1 - 8  
not admiss ib le  
2 1 e 2 1 
3 1 3 . 
ijl 1 2 . 2k 1 
2 2 w2 
2k 
e 2 
3 2 3 1 
-8 
-8 
not  admiss ib le  
e 
1 3 -1 3k 
3k 
3k 
w 
Ei2 
-3 w 
e 1 
2 3 2 
3 
. 
3 3 3 . . . e . . 
. 
0 
1 M1 
M1 
M1 
* 
2 D 
3 k = 1 ,2 ,  ..., Nl -3 
WYk 
17 
2.3.12 Subroutine UNST12 Solves Equation (10.2-371 
where 
m 
1 
2 
3 
- 
1 
2 
3 
. 
m = 1,2,3 
j = 1,2, ..., MI 
k = 1,2,.s.,N1 
i = 1,2,3 
. 
-m 
% k - 
- -  1 if i-1 
2 
1 - if i=2 
2 
E =  i ( L if 11.3 
2 
i -
wl k = l,Z,...,Ni 1 2 - B  
w2 e 2 B 
-3 . 3 2 + B  
31 0 
62 
63 
w l  . 
62 
w3 
lk 
lk 
lk 
2k 
2k 
2k 
3k 
3k 
3k 
w 
u 
. 
. 
. 
w2 
M 1  Mlk 
. 
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2.3.13 Subroutine UNST13 Solves Equation t10.2-39) 
-m 
where 
j = 1,2, ..., MI 
k = 1,2, ..., N1 
m = 1,2,3 
r = 1,2,...,R 
s = -s to +s 
-m 9 
31 lk 
m 
1 
- i 
1 
r - S - 
1 
1 
k = 1,2,...,N -S 
1 
. 
1 
0 
-s+1 . 
1 1 
1 1 0 
1 
" 
1 . 
1 1 s-1 . e 
1 1 S 
-S 
e . 
1 . 
-S+1 . . . 
e 
e . 
'/ 
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m 
1 
1 
2 
2 
-
. . . . 
2 
2 
3 
3 
* . . 
3 
3 
1 
1 
Y 
e 
9 
e 
3 
3 
i 
1 
1 
1 
1 
\ . . 
0 
1 
1 
1 
1 
1 
1 
2 
M 1  
5 
r 
R 
R 
1 
1 
- 
R 
R 
1 
1 . 
. 
R 
R 
1 
1 
R 
R 
S -
s-1 
S 
-S 
-s+1 
. 
. 
S-: 
S 
-S 
-s+1 
s- 1 
S 
-S 
-s+1 
s-1 
s 
2.4  Modif ica t ions  of t h e  S t a b i l i t y  Equations 
k - 
0 
. 
k - 1,2,.. .,N 
1 
The s t a b i l i t y  equat ions  as they  are presented  i n  Sec t ion  2.3 have been 
/ 
rendered dimensionless  by t h e  f a c t o r  01 (see Sec t ion  4.1). 
u n s t a b l e  va lue  Q (Q = Ow,) of t he  t h r u s t  frequency i s  t h e  d e s i r e d  q u a n t i t y .  
This  q u a n t i t y  is obta ined  i n  the FORTRAN I V  computer program by us ing  w r a t h e r  
than  
i n  t h e  sub rou t ine  NAF'REQ. 
But t h e  dimensioned 
- 
i n  t h e  s t a b i l i t y  equat ions.  Th i s  t r u e  n a t u r a l  frequency w is c a l c u l a t e d  
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3.0 OUTLINE OF FORTRAN I V  COMPUTER PROGRAM 
3.1 General 
The fol lowing FORTRAN I V  Computer Program has  been developed t o  
c a l c u l a t e  t h e  n a t u r a l  f requencies  and the  uns t ab le  va lues  of t h r u s t  
frequency from d a t a  c o n s i s t i n g  of t h e  parameters ,  H ,  r ,  t ,  p ,  E, v ,  
M1,N1,To, Y,  Q, and K. The manner i n  which t h e s e  d a t a  words are 
read  i n t o  the  computer i s  presented under FORTRAN I V  COMPUTER PROGRAM 
INPUT AND OUTPUT INFORMATION of t h i s  r epor t .  
The computer program c o n s i s t s  of t h e  fo l lowing  p a r t s :  
3.1.1 
3.1.2 
3.1.3 
3.1.4 
Main Program - FORTRAN I V  Computer Program f o r  t h e  
Evaluat ion of Natural  Frequencies  (OMG) and Unstable 
Values of t he  Thrust  Frequency (COMG) fo r  a Free- 
Free,  C i r c u l a r  Cy l ind r i ca l  She l l .  
Subrout ine NAFREQ - Subrout ine f o r  t h e  Evaluat ion of 
Natura l  Frequencies (OMG). 
of OMG(O,K,I) ,  20-values of OMG(J,O,I) and 300-values of 
Subrout ine c a l c u l a t e s  10-values 
OMG(J,K,I) e 
Subrout ine  UNSTl - Subrout ine f o r  Unstable  Values of 
Thrus t  Frequency, COMG, Equation I10.2-6). Considerat ion of  
t h r e e  (3) cases, involving 30 va lues .  
/ 
Subrout ine  UNST2 - Subroutine f o r  Unstable  Values of Thrus t  
Frequency, COMG, Equation {10.2-8). consideration of thirty-three 
(33) cases, involving 363 va lues .  
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3.1.5 
3.1,6 
3.1.7 
3.1.8 
3.1.9 
Subrout ine UNST3 - Subrout ine f o r  Unstable Values of Thrus t  
Frequency, COMG, Equation' (10.2-10). 
one (1) case, involving 20 va lues .  
Considerat ion of 
Subrout ine UNST4 - Subrout ine f o r  Unstable Values of Thrus t  
Frequency, COMG, Equation (10.2-13). Cons idera t ion  of 
t h r e e  (3)  cases, involving 60 va lues .  
Subrout ine UNST5 - Subrout ine f o r  Unstable  Values of Thrus t  
Frequency, COMG, Equation (10.2-161. Considerat ion of 
n ine  (9) cases (3 inadmiss ib le )  involv ing  120 va lues .  . 
Subrout ine UNSTG - Subroutine f o r  Unstable  Values of Thrus t  
Frequency, COMG, Equation (10.2-19). Cons idera t ion  of 
n i n e  (9) cases ( 3  inadmiss ib le ) ,  involv ing  120 va lues .  
subrout ine  UNST7 - Subroutine f o r  Unstable Values of  Thrust  
Frequency, COMG, Equation (10.2-221. Considerat ion of 
t h r e e  (3) cases, involving 900 va lues .  
3.1.10 Subrout ine LJNST8 - Subroutine f o r  Unstable Values of Thrus t  
Frequency, COMG, Equation (10 e 2-25 1 .  
t h r e e  (3)  cases, involving 900 va lues .  
Considerat ion of 
3.1.11 Subrout ine UNST9 - Subroutine f o r  Unstable Values of Thrus t  
Frequency, COMG, Equation (10.2-28). 
t h r e e  (3) cases, involving 900 va lues .  
Cons idera t ion  of 
,/ 
3.1.12 Subrout ine UNSTlO - Subrout ine f o r  Unstable Values of Thrus t  
Frequency, COMG, Equation E10.2-31). Considerat ion of 
n i n e  (9) cases (3 inadmiss ib le ) ,  involv ing  1800 va lues .  
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3.1.13 Subroutine UNSTll - Subroutine for Unstable Values of Thrust 
Frequency, COMG, Equation (10.2-34). Consideration of 
nine (9) cases (3 inadmissible), involving 1800 values. 
3.1.14 Subroutine UNST12 - Subroutine for Unstable Values of Thrust 
Frequency, COMG, Equation I10.2-37). Consideration of 
three (3) cases, involving 900 values. 
3.1.15 Subroutine UNST13 - Subroutine for Unstable Values of Thrust 
Frequency, COMG, Equation (10.2-39). 
three (33) cases, involving 9900 values. 
Consideration of thirty- 
3.2 FORTRAN IV Lepend for Input - Output Data 
The FORTRAN IV designation for  input data is as follows: 
Input - Output Parameter FORTRAN IV Name 
H, half length 
r, radius 
t , thickness 
p ,  mass density 
E, modulus 
v ,  Poisson's ratio 
wl, reference frequency 
MI, axial modal limit 
NI, circumferential modal limit 
To, constant thrust 
Y, ratio, variable t o  constant thrust 
H 
R 
T 
RHO 
E 
V 
W 
M 
N 
TO/ 
GAM 
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Input  - Output Parameter 
n, t h r u s t  frequency 
K ,  c o n t r o l  cons tan t  
a, n a t u r a l  frequency 
FORTRAN I V  Name 
COMG 
CK 
OMG 
F u l l  d e t a i l s  on t h e  manner i n  which t h e s e  d a t a  are read  i n t o  t h e  
computer is  presented  under FORTRAN I V  Computer Program Inpu t  and 
Output Information. 
3.3 FORTRAN I V  Computer Program Input  and Output Information 
3.3.1 Input  
The inpu t  d a t a  which must b e  punched on ca rds  are t h e  terms H, 
Rp T, RHO, E, V, M, N ,  TO, GAM, CMG, CK. These d a t a  are punched on 
two cards .  
The f i r s t  d a t a  card w i l l  con ta in  H i n  spaces 1 through 10, R i n  
spaces  11 through 20, T i n  spaces 21 through 30, RHO i n  spaces  31 through 
40, E i n  spaces  41 through 50, and V i n  spaces  51  through 60. 
The second d a t a  card w i l l  con ta in  M i n  spaces  1 through 5, N i n  
spaces  6 through 10, TO i n  spaces 11 through 20, GAM i n  spaces  21 
through 30, COMG i n  spaces  31  through 40, and CK i n  spaces 51 through 60. 
The READ STATEMENTS fo r  t h e  f i r s t  and second d a t a  ca rd  w i l l  b e  
/ 
as follows: 
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\ 
2 READ(5,102) H,  R, T, RHO, E, V, 
102 FORMAT (6F10.5) 
3 READ(5,103) M, N, TO, GAM, COMG, CK 
103 FORMAT (215, 4E10.5) 
A d e f i n i t i o n  of i n p u t  d a t a  i s  given under FORTRAN IV Legend for 
Input  - Output Data. 
3.3.2 Output 
The va lues  of n a t u r a l  f requencies  am [OMG(J,K,I)] are p r i n t e d  
jk 
i n  f l o a t i n g  p o i n t  numbers except t he  va lues  of J and K which are 
i n t e g e r  va lues .  
m 
The u n s t a b l e  va lues  of  t h e  t h r u s t  frequency S2 [COMG(J,K,I)] jk 
are p r i n t e d  i n  f l o a t i n g  p o i n t  numbers except t h e  va lues  of J and K 
which are i n t e g e r  values ,  
t h e  equat ion number and t h e  p a r t i c u l a r  case, i s  p r i n t e d  b e f o r e  each 
A d e s c r i p t i v e  t i t l e ,  proper ly  i d e n t i f y i n g  
s e c t i o n  of t h e  program p r i n t o u t .  
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4.0 MODIFICATIONS OF FORTRAN I V  COMPUTER PROGRAM FOR A 
SIMPLY-SUPPORTED CYLINDER 
The program presented  i n  Reference 3 has been modified t o  s o l v e  f o r  
t h e  n a t u r a l  f requencies  and f o r  uns tab le  va lues  of t h e  t h r u s t  frequency f o r  t.he 
e leven  s t a b i l i t y  equat ions  t h a t  a r e  i d e n t i c a l  between t h e  simply-supported 
a n a l y s i s  (Ref. '2) and t h e  f ree- f ree  a n a l y s i s  (Ref. 1). These mod i f i ca t ions  
were as follows. 
4.1 Modif ica t ions  of t h e  Main Program 
I n  t h e  main program, subrout ine  NAFDEQ, t h e  va lue  of a parameter,  
w i t h  a FORTRAN I V  name of W (Ref 3 . ,  Sect ion  3.2), was read  i n t o  t h e  r o u t i n e  
from a d a t a  card.  This  parameter is w t h e  frequency by which t h e  s t a b i l i t y  
equat ions  are d iv ided  t o  o b t a i n  a dimensionless  equat ion.  F o r a t h e  program 
presented  i n  Reference 3 a n  a r b i t r a r y  va lue  of 100 w a s  s e l e c t e d  f o r  W. 
I n  t h e  f r ee - f r ee  a n a l y s i s  of Reference 1, w is  no longer  a r b i t r a r y  bu t  now 
w = w 
w i t h  t h e  same l eng th  and m a s s  as t h e  cy l inde r  under cons idera t ion .  A 
c a l c u l a t i o n  of W is now performed i n  NAFDEQ us ing  t h e  r e l a t i o n  
where w1 is  the  frequency of t h e  f i r s t  bending mode of a uniform beam 1 
w 
4.2 Modif ica t ions  of t he  Subroutines 
The o r d e r  and names of t h e  va r ious  subrout ines  t h a t  s o l v e  f o r  u n s t a b l e  
/, 
v a l u e s  of t h e  t h r u s t  frequency were changed t o  conforin t o  t h e  o r d e r  t h a t  
these same e leven  equat ions  appeared i n  Reference 1. These changes were: 
26 
UNSTl remained UNSTl 
UNST2 became UNST3 
UNST3 became UNST6 
UNST4 became UNSTS 
UNSTS became UNST4 
UNST6 became UNST7 
UNST7 became UNST9 
UNST8 remained UNST8 
UNST9 became UNSTll 
UNSTlO remained UNSTlO 
UNSTll became UNST12 
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5 .0  MODIFICATIONS OF A FORTRAN I V  COMPUTER PROGRAM FOR 
A FREE-FREE BEAM 
A program presented  i n  Reference 4 has  been modified t o  calculate t h e  
beam parameter a appearing i n  equat ions (10.2-8) and 110.2-39). r 
5.1 Modif icat ions of t h e  Main Program 
The name of t h e  Main Program w a s  changed from DRiVER t o  BEAM. A l l  
of t h e  necessary  d a t a  t h a t  w a s  read i n t o  DRIVER from d a t a  cards is i n s e r t e d  
i n t o  BEAM via de f in ing  s ta tements .  The only except ion t o  t h i s  i s  t h e  v a l u e  
of To ( t h e  FORTRAN I V  name is  TO), t he  cons tan t  t h r u s t  fo rce .  
c a l c u l a t e d  i n  BEAM and t h e  necessary d a t a  f o r  t h e  c a l c u l a t i o n  i s  i n s e r t e d  
i n t o  BEAM via t h e  argument of t he  CALL and SUBROUTINE s ta tements  of BEAM. 
A l l  COMMON s ta tements  have been removed from t h e  program presented  i n  
TO is  
Reference 4 ,  and d a t a  i s  now t r ansmi t t ed  between subrou t ines  via t h e  
arguments of t h e  CALL and SUBROUTINE s ta tements .  All w r i t e  s ta tements  
appearing i n  DRIVER have been removed from BEAM. The n a t u r a l  f r equenc ie s  
of t h e  beam are c a l c u l a t e d  by obta in ing  t h e  eigenvalues  of a matrix. A 
new parameter name, OMG2, i s  i n s e r t e d  i n t o  BEAM. Th i s  parameter i s  de f ined  
as equa l  t o  t h e  second n a t u r a l  bending frequency of the'beam. 
5 2 Modif icat ions of t h e  Subroutines 
The parameter a is  related t o  another  parameter z by t h e  r e l a t i o n  
r 
/ 
z = cos2na (16) [3.17b] 
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The FORTRAN I V  name of z is  ROOTR. Three values of ROOTR, corresponding 
t o  t h e  f i r s t  and second bending modes, and t h e  r o t a t i o n a l  mode, are cal- 
cu la t ed  i n  t h e  sub rou t ine  STAB using another  sub rou t ine  MULLER. 
presented  i n  Reference 4 ,  h a s  been modified i n  STAB t o  check f o r  m u l t i p l i c i t y  
of t h e  t h r e e  va lues  of ROOTR derived by MULLER because t h e  accuracy of t h e  
va lues  from MULLER i s  a t  b e s t o n l y  f o u r  s i g n i f i c a n t  d i g i t s  i f  a m u l t i p l i c i t y  
The program 
e x i s t s .  I f  as a r e s u l t  of t h e  check a m u l t i p l i c i t y  i s  found t o  e x i s t  t hen  
t h e  va lues  of ROOTR der ived  by MULLER are used as i n i t i a l  guesses  i n  an  
a d d i t i o n a l ,  Newton-Raphson i t e r a t i o n  subrou t ine  c a l l e d  ROOTS t h a t  h a s  been 
p rogramed  t o  d e r i v e  ROOTR t o  b e t t e r  than  seven  s i g n i f i c a n t  d i g i t s .  
Consider t h e  change of v a r i a b l e s  i n  Equation [3.17b] from 
z = cos2na (171, [3.17b] 
t o  
where now 
A s  was . e s t ab l i shed  i n  Reference 4 t h e  condi t ions  of Z < 1 must be s a t i s f i e d  . 
o r  t h e r e  i s  a beam i n s t a b i l i t y .  With t h i s  r e s t r i c t i o n  on z , B  can now be  
2 
- (20) 
expressed as -1 1-2 6 = t a n  (7) 
STAB has  been modified t o  c a l c u l a t e  t h r e e  va lues  of B ,  whose FORTRAN I V  
name i s  BETT, f o r  t h e  t h r e e  values of ROOTR. 
,/ 
A check is performed on the t h r e e  va lues  of ROOTR to determine if one 
of them is  negat ive .  The v a r i a b l e  ME2 i s  ass igned  a va lue  of ze ro  i f  t h e  check 
is n e g a t i v e  and a va lue  of one i f  t h e  c h e c k - i s  p o s i t i v e .  
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6.0 ADDITIONAL SUBROUTINES 
The two a d d i t i o n a l  s t a b i l i t y  equat ions (10.2-8) and 110.2-3) t h a t  con- 
t a i n  t h e  beam parameters  a 
r e q u i r e  f o u r  subrout ines  t o  b e  added t o  the  program presented  i n  Reference 3 
modified as i n  Sec t ion4 .0  i n  addi t ion  t o  t h e  modified beam program presented  
i n  Sec t ion  5.0. These f o u r  a d d i t i o n a l  subrout ines  are as fol lows.  
and s,and whose o r i g i n  w a s  t r a c e d  i n  Sec t ion  2.2, r 
6.1 Subrout ine UNST2 
This  subrout ine  cons iders  t h i r t y  cases involv ing  t h r e e  hundred s ix ty -  
t h r e e  values .  
t echnique  descr ibed  i n  Appendix A, Sec t ion  I1 of -Refe rence  3 t o  c a l c u l a t e  
f o r  uns t ab le  va lues  of t h e  t h r u s t  frequency. 
UNST2 is  designed to u s e  when necessary  t h e  i t e r a t i o n  
- 
When II is g r e a t e r  than 100 the va lue  of ar i s  assumedto b e  ze ro  since 
z approaches asymptot ica l ly  t h e  va lue  of one i n  t h e  reg ion  Q > 2wz 
(see Sec t ion  7.q .  Therefore  when Q is  g r e a t e r  than  100 ZWT2 c a l c u l a t e s  
Q us ing  t h e  formula 
When Q is  less than  100 t h e  value of a corresponding t0.a g iven  II i s  r 
Calcula ted  and t h e  i t e r a t i o n  procedure descr ibed  i n  Reference 3, Appendix A I 1  
is  used t o  d e r i v e  a va lue  of II t h a t  w i l l  s a t i s f y  (10.2-8 1. 
v a l u e  o t h e r  than  ze ro  t o  t h e  parameter ME1 a f t e r  t h e  f i f t h  i t e r a t i o n  a l l  
subsequent va lues  of ROOTR ca l cu la t ed  i n  STAB (see Sec t ion  5.2) us ing  MULLER 
By as s ign ing  a 
6 
/. 
w i l l  be  improved upon by using ROOTS a l s o .  
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The va lues  of Q are p r i n t e d  out ,  one a t  a t i m e ,  i n  a write loop after 
a l l  of t h e  va lues  have been ca lcu la ted .  
6.2 Subrout ine UNST13 
This subrou t ine  cons iders  t h i r t y  cases involv ing  n i n e  thousand n i n e  
hundred values .  
va lue  of t h e  t h r u s t  frequency f o r  equat ion  hO.2-38). 
UNST13 is similar t o  UNST2 except  t h a t  i t  c a l c u l a t e s  u n s t a b l e  
\ 
The w r i t e  loop of 
UNST13 is  designed t o  p r i n t  ou t  a l l  t h e  va lues  of t h r e e  a t  a t i m e .  The 
t h r e e  va lues  being t h e  t h r e e  va lues  of t h e  s u b s c r i p t s  J ,  K, R, and S.  The 
s u b s c r i p t  I i s  t h e  FORTRAN IV name f o r  t h e  s u p e r s c r i p t  m i n  equat ion  
la +SI r 
(9) j10.2-39’ 2 
6.3 Subrout ine  SORT 
This  sub rou t ine  is c a l l e d  i n  bo th  UNST2 and UNST13. Its purpose is  
t o  t a k e  t h e  va lues  of BETT ca l cu la t ed  i n  STAB (see Sec t ion  5 . 2 )  and s o r t  
t h e s e  va lues  according t o  r e l a t i v e  magnitude and c a l c u l a t e  a 
r e l a t i o n  
from t h e  r 
(see Sec t ion  5 0 2 ) ~  
t o  ME2 i n  sub rou t ine  STAB ( s e e  Sec t ion  5.2). 
The method of s o r t i n g  depends upon t h e  va lue  ass igned  
,/ 6.4 Subrout ine  ROOTS 
Increased  accuracy w a s  found t o  be necessary  i n  t h e  computing of a var iab lc  
named ROOTR i n  t h e  beam program ( see  Sec t ion  5.2). To g e t  t h i s  d e s i r e d  
a d d i t i o n a l  accuracy t h e  Newton-Raphson i t e r a t i o n  subrou t ine  ROOTS is used,  
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7.0 CONSTRAINTS OF THE FORTRAN I V  COMPUTER PROGRAM 
7.1 Or ig in  of Limit ing Value of the Thrus t  Frequency 
I n  t h e  a n a l y s i s  of Reference 5,and as presented  i n  Reference 4 p 2 2 0  
and p228,the r eg ions  of i n s t a b i l i t y  occur  when 
and 
w + w .  i -  1 
k n =  
2wi 
a = -  
k 
k = 1 ,2 ;3  
where w is t h e  n a t u r a l  frequency of a beam and $2 i s  t h e  t h r u s t  frequency. 
For a beam t h e  n a t u r a l  f requencies  are ordered 
where 
w i s  t h e  n a t u r a l  frequency of t he  r o t a t i o n a l  mode 
w1 is  t h e  n a t u r a l  frequency of t h e  f i r s t  bending mode 
w 2  i s  t h e  n a t u r a l  frequency of  t h e  second bending mode 
B 
Necessa r i ly  then  
2UB < 2w < 2w 
1 2 
t h e r e f o r e  s i n c e  
2w 
k 
Q=-- i (Ref. 6) / 
k 1,2,3,... 
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the value 
n = 20, 
is the largest value o f n f o r  a beam instability considering the three modes 
w 1 ,  and w2' 
If 
n < 2w, 
since by 
The relative order of the three values of f3 calculated in STAB.(see 
Section 5.2) will remain the same. 
7 .2  The Constraints of Subroutines UNST2 and UNST13 
The value of w2 is calculated in BEAM (see Section 5.1). 
of the limit imposed upon n in section 7.1.a test is made upon $2 to 
determine if 
In light 
n > 20 (27) 2 
If the inequality is satisfied the iteration to determine Sl continues. 
the inequality is not satisfied the iteration is terminated and Sl is assigned 
the value / 
If 
COMG (XIS) = . 11111111 
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and t h e  next  case is  then  considered. 
s a t i s f y  the  s t a b i l i t y  equat ion  a f t e r  f i f t e e n  i t e r a t i o n s ,  Q is  ass igned  t h e  
va lue  
I f  t h e  i t e r a t i o n  procedure cannot 
- 
COMG(JKIS) = ,22222222 
and t h e  next  case is then considered. 
I f  i n  t h e  i t e r a t i o n  procedure t h e  i n e q u a l i t y  
6 'h > 1 x 10 
i s  s a t i s f i e d ,  t h e  va lue  of 
is s t o r e d  i n  t h e  COMG(XIS)  array and t h e  nex t  case  i s  considered.  
t h a t  caused t h e  i n e q u a l i t y  t o  be s a t i s f i e d  
-m I f  t h e  va lue  of o r  w is such t h a t  t h e  formula 
Ok jk 
is  being used ( s e e  Sec t ion  6.1) and i f  a l s o  s = 0. Then $2 is ass igned  t h e  
v a l u e  
COMG(JK1S) = 10000000 (33) 
A t-;t is  made on each value of Sl befo re  it is  p r i n t e d  out.  I f  t h e  
i n e q u a l i t y  
6 n < l x  10 
34 
is s a t i s f i e d  t h e  va lue  of Q t h a t  s a t i s f i e d  t h e  i n e q u a l i t y  is  p r i n t e d  out.  
I 
I f  t h e  i n e q u a l i t y  i s  no t  s a t i s f i e d  t h e  le t ters  INFIN are p r i n t e d  out .  
7.3 The Remaining Cons t r a in t s  
The e leven  subrout ines  t h a t  s o l v e  t h e  eleven s t a b i l i t y  equat ions  
t h a t  are t h e  same i n  t h e  simply-supported a n a l y s i s  (Re:. 2) and t h e  f r ee -  
f r e e  a n a l y s i s  (Ref. 1) are the  same as t h e  eleven subrout ines  t h a t  so lved  
t h e s e  equat ions  i n  Reference 3 .  
have been changed from t h e  programs presented  i n  Reference 3 .  
are o u t l i n e d  i n  Sec t ion  4.2. The c o n s t r a i n t s  of t h e s e  e leven  subrou t ines  
are g iven  i n  Reference 3 ,  Appendix A, Sec t ion  I. 
Only t h e  o rde r  and names of t h e s e  sub rou t ines  
These changes 
4 
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8.0 FORTRAN I V  SOURCE PROGRAM 
8.1 General Statement 
The program which de f ines  the ope ra t ions  which t h e  computer is 
t o  do and which i s  wri t ten by the  programmer i n  t h e  FORTRAN I V  language 
is c a l l e d  t h e  FORTRAN I V  Source Program. 
t h e  understanding of  t h e  programs presented  i n  Reference 3 and Reference 4, 
t h e  r eade r  wi th  t h e  a i d  of t h e  preceeding s e c t i o n s  should have l i t t l e  d i f f -  
i c u l t y  i n  understanding t h e  fol lowing Program L i s t i n g .  
With t h i s  i n  mind, and w i t h  
This program has been w r i t t e n  t o  use e i t h e r  cha in  o r  ove r l ay  techniques.  
These two methods r e s u l t  i n  d i f f e rences  i n  t h e  main subrou t ine  NAFDEQ and 
i n  t h e  MAP used. 
each f o r  over lay  and cha in ,  are given i n  Sec t ion  8.2. 
Dupl ica te  l i s t i n g s  of both  NAFDEQ and MAP, one l i s t i n g  
8.2 Program Listing 
36 
;I FOR NAFDEQ 
C O ~ M O N / D O G / L ~ S ~ U , V ~ W ~ P I , M , N , O K G ( 2 0 ~ 2 0 ~ 3 ) t R t H ~ T O ~ C K t R I ~ G A M  
C NASA CONTRACT NAS8-I1255 (LONGITUDINAL VIBRATION RESEARCH) 
C FOHTHAN 1 V  COMPUTER PROGRAM FOR THE EVALUATION OF NATURAL 
C FREQUENCIES ( O M G )  AND UNSTABLE VALUES OF THE THRUST FREQUENCY 
C ( C O M G )  FOR A SIMPLY-SUPPORTEO, CIRCULAR CYLINDRICAL SHELL, 
HEAL L 
I h R I T E  ( 6 t 1 0 0 )  
100 FOHMAT(lH1t20Xt31HLEGEND OF TERMS USED I N  PROGRAM,//tSXt3OHH ---- 
I H A L F  LENGTH OF CYLINDERt/r5X,25HR ---- RADIUS OF C Y L I N D E R t / t S X t 3 3 H  
2T THICKNESS OF CYLINDER WALLt/ tSXt40HRHO 0- MASS DENSITY OF C 
3YLlNoER MATERIALt / ,5Xt38HE ---- YOUNGS MODULUS F O R  THE MATERIAL,/, 
45X t21 t iV  "--- POISSONS RATIOt/ ,5Xt26HW ---- REFERENCE FREQUENCYt/,S 
5Xv38HM ---- MJMBER OF A X I A L  VARIATION TERMSv/tSX,39HN -00- NUKBER 
6 0 F  R A O I A L  VARIATION TERMSr/,SX,30HJvK -- SUBSCRIPTS OF THE ARRAYt/ 
7,5X,34HOMG(JtK, l )  0-0 NATURAL FREQUENCY 1 , / ,5Xt34HOMG(JtKt2)  N 
BATURAL FREQUENCY 2,/,5X,34HOMG(JtKt3) 0-0 NATURAL FREQUENCY 3 , / t 5 X  
9 ~ 2 8 H T 0  --- CONSTANT THRUST FORCEt/,SXv38HGAM 0- VARIABLE THRUSTICO 
INSTANT THRUSTt/t5X,48HCOMG 00 CAPITAL OMEGAt INSTABLE SEARCH FREQU 
30NTROL COhSTANT) 
i 
I 2ENCY,/tSX,39HDCOMG -a DELTA CAPITAL OMEGA, INCREMENT,/ ,SX,2OHCK~--C 
2 READ ( 5 ~ 1 0 2 )  H t R t T t R H O v E t V  
102 FOHMAT (6F10.5)  
3 READ ( 5 , 1 0 3 )  M ~ N ~ T O I G A M , C O M G ~ D C O M G , C K  
1 0 3  FORMAT ( 2 1 5 t 5 E 1 0 . 5 )  
W = 2 2 r 3 7 3 2 8 6 * S Q R T ( E * R * * 2 . O / ( 2 ~ O * R H O ) ) / ( Y , O * H * * 2 e O )  
4 WRITE (6,104) H , R ~ T , R H O , ~ , E ~ V ~ M ~ N ~ T O , G A M , C O M G I D C O M G ~ D C O M G P C K  
1 0 4  FOHMAT(1HlrlOXt62HUNSTABLE VALUES OF THE THRUST FREQUENCY(C0MG) FO 
1 R  THE CYLXNCEH,//,3X,14HHALF LENGTH = ~ ~ P E ~ S . S , ~ O X I ~ H R A D I U S  = t3PE 
2 1 5 r 5 ~ 1 0 X t 1 2 H T H 1 C K N E S S  Z P ~ P E ~ S . S ~ / / ~ ~ X ~ ~ S H M A S S  DENSITY = tE15e8,gX 
I 3t22HREFERENCE FREQUENCY = ,E15r5t//,3X,17HYOUNGS MODULUS = i l P E 1 5 .  
45t7Xt17HPOISSONS RATIO = ,€lSr5t//,3X,34HNUMEER OF A X I A L  VARIATION 
5 TERMS 2 ,I5,10Xt35HNUMBER OF RADIAL VARIATXON TERMS = ,15,//,3X,2 
62HCONSTANT THRUST, TO = tiPE15.5,3X,6HGAM = ~ E ~ ~ ~ S ~ ~ X V ~ ~ H C A P I T A L  0 
7KEGAtCOMG = ,ElSrSt/ / ,3X,26HOELTA CAPSTAL OMEGAeDCOMG = t E l S r 5 ~ 3 X ~  
624HCONTROL CONSTANT K P C K  = ,E15*5,//) 
I 
P1=3.141592654 
L=H/R 
S=T/H 
C A L L  NAFHEQ (L,S,U,V~WIPIIMIN~OMG) 
U=HHO*H*H*W*h/E 
5 WRITE ( 6 ~ 1 0 5 )  
105 FORMAT (20Xt41HTABLE OF NATUHAL FREQUENCIES, RAD PER S E C t / / v 4 X v 2 H J  
1 0 6  FOHMAT ( 2 1 5 ~ 3 E 2 0 * 8 / / )  
1 -  1,,4X,2HK,r8X,9HOMEGA ( i ) , l i X t 9 H O M E G A  (2),10X,9HOMEGA ( 3 ) 1 / / )  
DO 6 J = l t M  
DO 6 K = l t N  
31ZJ-1 
K l = K - I  
I / 
I 6 WHXTE (6,106) J i ~ K L ~ ( O M G ( J ~ K ~ I ) , I = 1 , 3 )  
I RXERM*(e5*R*R+.333*H*H)*386,  
RM=2e*H*2r*PI*R*T*HHO 
C A L L  UNST1 ( P I , R I H I T O , C K ~ R I , G A M , O M G , M , N )  
C A L L  UNST2 ( P I , R ~ H ~ T O ~ O M G , M ~ N I E , T )  
C A L L  UNST3 ( P I , R I H , T O , C K , R I , G A M , O M G , M I N )  
37 
I 

;I F 
C 
C 
C 
C 
1 
100 
2 
102 
3 
103 
4 
104 
5 
105 
106 
6 
OR NAFDEQ 
~ O M M O ~ ~ / O O G / L ~ S ~ ~ , V ~ W I P I I M , N , O M G ( 2 0 ~ ~ 0 ~ 3 ~ ~ R ~ ~ ~ T O ~ C K ~ R I ~ G A M  
NASA CONTRACT NAS8-11255 (LOhGITUDINAL V IBRATION RESEARCH) 
FOHTHAN 1 V  COMPUTER PROGRAM FOR THE EVALUATION OF NATURAL 
FREQUENCIES ( O M G )  AND UNSTABLE VALUES OF THE THRUST FREQUENCY 
(COMG) FOR A SXMPLY-SUPPORTED, CIRCULAR CYLXNDRXCAL SHELL, 
REAL L 
WRITE (6,100) 
FORMAT(lH1,20Xt3lHLEGEND OF TERMS USED I& PROGRAM,//,SX,3OHH c---- 
l H A L F  LENGTH OF CYLINDER,/eSXt25HR -..-- RADIUS OF CYLXNOER,/vSXt33H 
2 T  THICKNESS OF CYLINDER WALLt/t5X,4OHRHO 0- MASS DENSITY OF C 
3YLINuER MATERIALt/,5X,3eHE ---- YOUNGS MODULUS FOR THE MATERIAL,/, 
45Xt21HV -C-- POISSONS RATIO,/,5X,26HW --a- REFERENCE FREQUENCYt/t5 
5Xt38HM ---- NUMBER OF A X I A L  VARIATION TERMSt/ tSXt39HN ---- NUMBER 
60F RAUIAL VARIATION TEHWSt/r5X,30HJtK 9- SUBSCRIPTS OF THE ARRAY, /  
8ATURAL FREQIJENCY ~ ~ / v ~ X , ~ ~ H O K G ( J , K P ~ )  -0- NATURAL FREQUENCY 3, / t5X 
9v28HTO CONSTANT THRUST FORCE,/tSX,38HGAM -0 VARIABLE THRUST/CO 
INSTANT T H R U S T ~ / , ~ X V ~ B H C O M G  -9 CAPITAL OMEGA, INSTABLE SEARCH FREQU 
2ENCY,/r5Xt3$HDCOMG -0 DELTA CAPITAL OMEGA, INCREMENf,/rSX,20HCKc-C 
30NTRUL CONSTAEUT) 
7,5X,34HOMG(dtK~l) -0- NATURAL FREQUENCY 1,/,5X,34HOMG(J,Kv2) -00 N 
READ ( 5 ~ 1 0 2 )  HIR,T,RHOPE,V 
FORMAT (6F10.5) 
READ ( 5 , 1 0 3 )  M , N , T O t G A M , C O M G , D C O K G , C K  
FORMAT ( 2 I 5 ~ 5 E l O o S )  
W = 2 2 , 3 7 3 2 8 6 * S Q R T ( E * R * * 2 , 0 / ( 2 r 0 * R H O ) ) / ( Y , ~ * H * * Z . O )  
W R I T E  (6,104) H , R , T ~ R H O ~ W ~ E ~ V ~ M , N , T O ~ G A M ~ C O M G , D C O M G , C K  
F O H M A T ( ~ H ~ P ~ O X ~ ~ ~ H U N S T A B L E  VALbES OF THE THRUST FREQUENCY(C0MG) FO 
1H THE CYLINGERt//,3X,14HHALF LENGTH = ,3PE15r5,10X,9HRADIUS = t3PE 
215r5,10X, l2HTHICKNESS = ,lPE15,5,//,3X,i5HMASS DENSITY = t E 1 5 r 8 t 9 X  
3t22HHEFERENCE FREQUENCY = ,E15,5,//r3X117HYOUNGS MODULUS = tlPE15r 
45t7X, l7HPOISSONS R A T I O  (E15,5,//,3Xv34HNUMBER OF A X I A L  VARIATION 
5 TERMS = t15tlOXp3!jHNUMBER O f  RADIAL VARIATION TERMS = tI5,//,3Xt2 
62HCONSTANT THRUST, TO = t l P E 1 5 o 5 ~ 3 X t 6 H G A M  = t E l S r S t 3 X t 2 1 H C A P I T A L  0 
7MEGAeCOVG = tE15r5, / / t3X,28HOELTA CAPITAL OMEGAvDCOMG = r E 1 5 r 5 ~ 3 X t  
824HCOhTHOL COfLSTANT KtCK = ,t15*5,//) 
P I = 3 * 1 ' + 1 5 9 2 6 5 4  
L=H/R 
S=T/H 
U=RHO*H*H*W*W/E 
C A L L  hAFHEQ (L,SIU,V,W,PI,M,~,OMG) 
WRITE (6 ,105 )  
FORMAT (20Xt41HTABLE OF NATUKAL FREQUENCIES, RAD PER SEC,//,4X,2HJ 
FORMAT (215t3€20*8//) 
l,r4X,2HK,r8X,9HOMEGA (1),11Xt9HOMEGA (2),10Xt9HOMEGA ( 3 ) t / / )  
DO 6 J=ltM 
DO 6 K z l t N  
JlrJ-1 
KiZK-1 
WRITE (6,106) J l , K l , ( O M G ( J , K , I ) , X = 1 , 3 )  
/ 
RM=2**H*2r*PI*R*T*RHO 
R~=RM*(.5*R*R+r333*H*~~*~86, 
C A L L  CHAIN (2) 
EN0 
39 
* 
G I  
C 
- c  
C 
C 
I 1 
3 
5 
4 
6 
10 
9 
FOR NAFREQ 
NASA CONTRACT NAS8-11255 (LOhGITUDINAL VIBRATION RESEARCH) 
SUBROUTINE FOR THE EVALUATION OF NATURAL FREQUENCIES(OMG)* 
SUBROUTINE CALCULATES 1 0  VALUES OF O M G ( O t K t I ) v  20 VALUES OF 
OMG(dtUt1)t AND 300 VALUES OF O M G ( J t K t X )  
SUBROUTINE NAFREQ ( L t S t U t V t ~ t P I t M t N t O M G )  
DIMEi\iSION A ( 3 v 3 ) r R O O T R ( 3 ) v R O U T I ( 3 ) , O M G ( 2 0 ~ 2 0 ~ 3 )  
REAL L 
U1=U*( l . -V*V) 
DO 1 d = 1 t M  
DO 1 K=ltN 
00 I I=lr3 
DO 2 J Z l t t 4  
DO 2 K=ltN 
JlZJ-1 
K l z K - 1  
FK=K1 
I F  (J- i  ) 3 t 3 , 4  
I F  (K-i 12 t 2  t 5 
O M G ( J t K t l ) = L * F K * W / S Q R T ( 2 r * U * ( I . + V ) )  
GO TO 2 
I F  (K-116 r 6  t 7  
A(ltl)=.25*(PI*FJ)**2/Ul 
A ( L r 2 ) = * 5 * V * L * F J * P I / U l  
A ( 2 r l ) = A ( l t 2 )  
A(2,2)=(L*L+S*S*(FJ*PX)**4/192*)/Ul 
C A L L  HESSEN(At2)  
C A L L  QREIG(At2tROOTRrROOTItO) 
DO 8 I=1t2 
I F ( R O O T I ( I ) ) 9 v 1 0 t 9  
IF (ROOTR (1  1 ) 9 t  11 t 11 
OMG(JtKtI)=O,O 
F J = J l  
40 
GO TO 12 
12 CONTIlvUE 
2 CONTINUE 
RETURN 
END 
1-5 OMG ( J , K ~  I ) = ~ * S Q R T ( A B S ( R O O T R  ( 1 )  1 1 
41 
t 
42 
(61- FOR QHEIG 
C PROGRAM TO CALL QR TRANSFOHMATION, M A X I M U M  ITER XS 50,  
SUBROUTINE Q H E I G ( A t M t R O O T R t R O O T 1 , I P R N T )  
DIMENSION A(3t3),ROOTR(3)tROOTI(3) 
N = M  
IF(IPRNT1 8 0 , 0 1 ~ 8 0  
8 0  WRITE (6,104) 
81 ZERO f 000  
JJ=1 
177 XNN=O.O 
xr\i2=0 * 0 
A A  = 000  
8 = 000 
c = o * o  
DO = 000  
R = O * O  
SIG=O.O 
ITER = 0 
17 IF(N-2) 13 t 14 t 12 
13 I F ( 1 P H N T )  82t83t82 
82 kRITE (6tlOS)A(ltA) 
83 ROOTH(1) = A ( 1 ~ 1 )  
ROOTI(1) = 0 0 0  
1 RETURN 
14 JJZ-1 
12 X = (A (N-1 th -A)  a. A ( N t N ) ) * * 2  
5 = 4 . 0 * A ( N t N - 1 ) * A ( N a 1 , N )  
ITER =; XTER + 1 
XF(AUS(S/X)oGTe 1eOE-8) GO TO 1 5  
16 I F ( A ~ S ( A ( N - 1 , N = l ) ) - A B S ( A ( N , N ) ) )  3 2 ~ 3 2 ~ 3 1  
31 E = A(N-1tN-1)  
G 5 A ( N P N )  
GO TO 33 
E = A ( N t N )  
32 G = A ( N - 1 t N - l )  
33 F = O *  
H = 0 0  
1 5 s = x + s  
GO TO 24 
X Z A(N-1 tN-1 )  + A(bitN) 
I F ( S )  10rA9t19 
19 SQ=SQHT (S 1 
F=O*O 
H=O*O 
I F  ( X )  21t21t22 
21 E=(X-SQ)/2.0 
G=(X+SQ) /2 rO 
GO TO 24 
22 G=(X-SQ) /2rO 
E = ( X + S Q ) / 2 * 0  
GO TO 24 
E=X/2 * 0 
G=E 
H=-F 
18 F S Q R T ( - S ) / 2 . 0  
4 3  
29 
86 
87 
I 50 
62 
63 
64 
66 
08 
67 
89 
... 
700 XF(ITER . G T e  50) GO TO 63 
70i Z1= ((E-AA)**2+(F-B)**2)/(E*E+F*F) 
22= ((GoC)**~+(H-OD)**~)/(G*G+H*H) 
IF (21-0 025 1 51 ,51,52 
51 IF(22-0*25) 53~53e54 
53 R=E*G-F*H 
SXG=E+G 
GO TO 60 
SIG=E+E 
GO TO 60 
54 R=E*E 
52 IF(22-0.251 55~55,601 
55 H = G * G  
S X G z G t G  
GO TO 60 
601 R = 0.0 
SIG = 0.0 
60 XNh=A(NtN-l) 
XN2=A(N-l,N-2) 
C A L L  QRT(A,~PRPSIG,D) 
A A = E  
B=F 
C=G 
DD=H 
/ 
1 13HTAKEN AS ZERO 6 X  4HITER / / I  
44 
I 105 f O R M A T ( l X t E 1 5 . 8 t 3 X ~ E 1 5 e 8 ~  42X 13) 
A07 f O R M A T ( 5 6 X  €13.8) 
END 
I .  
-.. 
45 
i 1  
60 
11 
12 
10 
14 
13 
15 
16 
17 
18 
22 
23 
24 
25 
26 
28 
29 
27 
31 
32 
33 
34 
46 
30 
35 
36 
37 
30 
39 
41 
42 
40 
43 
100 
101 
/. 7 
1 ,  
i 
48 
! 
37 
3 6'0 
38 
39 
390 
392 
393 
394 
395 
6 
201 
330 
331 
332 
301 
401 
5 
501 
2 0 0 1  
2 
7 
. 4 5  
40  
4 1  
400  
42  
44 
4 2 5  
4 3  
9 
10 
46 
4 7  
4 6 0  
4 0  
4 9  
490 
4 9 2  
4 9 3  
494 
495 
12 
50 
202 
430 
431 
432 
302 
402 
11 
502 
2002 
8 
13 
55 
50  
5 1  
500  
. 52 
54 
525 
53 
51 

i 
53 
61 F.OR Ur\iST2 
C SUBROUTINE FOR UNSTABLE VALULS OF THRUST FREQUENCY, EQUATION (10.2 
1-8 1 
* c  NASA CONTRACT NAS8-11255 (LOhGITUDINAL VIBRATION RESEARCH) 
C CONSIDERATION OF THREE (33) CASES, INVOLVING 363 VALUES. 
SUBROUTINE bNST2 ( P I , R A , H , T O , O ~ G , M , N , E , T I )  
DIIVIEbSION A L P H ( 4 ) , X ( 4 ) r F 1 ( 4 ) , 0 ~ G ( 2 0 , 2 0 , 3 ) , C O M G ( 3 6 3 ) , B E T T ( 4 )  
1 0 0 0  FORMAT( lX , lE20*8)  
1 0 5  
1 0 4  
I 1 0 3  
I 
2 
2 0  
3 0 2  
3 0 1  
3 0 0  
3 0 5  
3 0 4  
3 0 3  
307 
306 
17 
~ 
I 
13 
SO1 
0 
54 
500 . 
.8 * 
.490 
492 
493 
494 
495 
10 
410 
I 
15 
502 
390 
392 
393 
394 
395 
11 
406 
21 
401 
16 
12 
19 
503 
201 
18 
9 
' 14 
4 
DO 6 H=1t3 
. DO 6 S=l,Sl 
Jl=J-1 
K1ZK-L 
S 2 = S - ( T + 1 )  
X F ~ C O ~ G ~ Z ) ~ C 4 ) 5 1 l ~ 5 1 1 ~ 5 1 ~  
WRITE(6rlOS)J1tKltRrS2tCOMG(L) 
GO TO 38 
511 WHIT~(6t104)JltK1,R~S2tCOMG(Z) 
30 z=z+1 
6 CONTINUE 
RETURN 
END 
510 COMG(Z)=INFIN 
56 
- c .  
* c  
C 
101 
102 
1 
, 
2 
3 
SUtiROuTINE FOR UNSTABLE VALUES 
NASA CONTRACT NAS8-11255 ( L O k G  
COhSJDERATIGh OF ONE (1) CASE, 
1-10 1 
t 
OF THRUST FREQUENCY, 
TUOINAL VIBRATION RE 
INVOLVING 20 VALUES* 
SUaROUTINE ~ N S T ~ ( P I I R I H , T O P C K ~ H I ~ G A M ~ O M G , M , N )  
DIMENSION O M G ( 2 0 , 2 0 , 3 ) , C O M G ( 2 0 , 2 0 , 3 )  
EQUATION (1092 
EARCH 1 
,/ 
57 
r n  

40 
4 1  
400 
42 
44 
425 
43 
9 
1 0  
4 6  
47 
460  
4 8  
4 9  
490  
492 
493 
4 9 4  
- 4 9 5  
12 
2 0 2  
4 3 0  
60 

564 
. 58 
59 
590 
592 
593 
594 
595 
18 
203 
530 
531 
532 
303 
403 
17 
503 
2003 
I4 
19 ,/ 
. ldI FOR UNSTS 
C SUUI~OUTXNE FOR UNSTABLE VALUES OF THRUST FREQUENCY, EQUATION (10.2 
1-16 1 
C NASA CONTRACT NAS8-11255 (LOIIGITUDINAL VIBRATION R E S E A R C H )  
C COhSILEHATION OF 9 CASES (3 INADMISSISLE),  INVOLVING 120 VALUES. 
SUUROLTINE bbST5 ( P I , R I H , T O , C K ~ R I , G A M , O ~ G , M , N )  
DIMEhSION O ~ ~ ~ 2 O ~ ~ 0 ~ 3 ~ ~ C O K ~ ~ ~ O , ~ O ~ 3 ~ ~ A ~ 2 0 , 2 0 , 3 ~ r B ~ 2 O ~ 2 O ~ 3 ~ ~ D E L O ~ 2 O  
1 ~ 2 0 r ~ ) ~ C ~ 2 0 ~ 2 0 ~ 3 ~ ~ 0 ~ 2 0 ~ 2 0 ~ ~ ~ ~ F ( ~ 0 ~ 2 0 ~ 3 ~ ~ ~ E ~ A ~ 2 0 ~ 2 0 ~ 3 ~ ~ B € T A ~ 2 ~ 2 0 ~ 2 0  
2 , 3 ) t F 1 ( 4 ) t X ( 4 )  
101 FORMAT (20XtBUHTABLE OF ~ I u S T A B L E  VALLES OF THE THRUST FREQUENCY FO 
1 R  EQUATION (651, H A D  PCR SECI,// ,4X,2hJ,,4X,2HK,,8X,1OHCOMEGA ( A ) (  
210XtIUHCOPEGA ( 2 ) @ / / )  
102 FORMAT (2x5, 2 € 2 O e b . ’ / i  
1 0 3  FORMAT (10Xt78HFIkS-Y CASE* Lc/WER CASE M EQUAL 1, LOWER CASE N ECUA 
104  F O R M A T  (10Xt56hSECOhD CASE, iOkER CASE K EQUAL 2, LOWER CASE N EQU 
105 FORMAT (10X,55h7HIHD CASE, LCKER CASE M EQUAL 3 ,  LOLER CASE N €QUA 
1 0 6  F O R M A T  (10XtS6HFOURTH CASE, LO~,ER CASE K EQUAL 1, L O L f R  CASE N EQU 
107 FORMAT ( 1 0 X t 7 8 H F I F T H  CASE, LbWER CASE M EQUAL 2,  LOWER CASE N EQUA 
108 FOHMAT (10Xt55HSIXTH CASE, LONER CASE M EQUAL 3 ,  LOWER CASE N EQUA 
1 0 9  FORMAT (10Xv57HSEVENTH CASE, LOWER CASE M EQUAL 1, LOYER CASE N EQ 
110 FORMAT (10Xt56HEIGHTH CASE, LOkER CASE M EQUAL 2,  LOWER CASE N EQU 
111 FORMAT (10Xt78HNXNTH CASE, LOWER CASE M EQUAL 3 ,  LOWER CASE N €QUA 
1L 1~ (CASE FLOT A 2 ; J i S S I E L E )  . e / / / )  
1AL l t / / )  
11 l#//) 
1 A L  2 t / / )  
1L 2, (CASE L O T  ADKISSIDLE).,///) 
1L 2 t / / )  
1UAL 3 , / / )  
1AL 3 t / / )  
1L 3 ,  (CASE hOT A D M I S S I B L E ) * t / / / )  
00 1 d=lrM 
00 1 KZleN 
00 1 i = l r 3  
C O M G ( J t K , I ) = O * O  
1 CONTIiIUE 
00 2 J=ZtM 
00 2 K=l,l 
00 2 1=1,2 
COMG(J,K,I)=OMG(J,K,I) 
WRITE (6,101) 
WHITE (6,103)  
WHITE (6,101) 
WRITE (6,104) 
00 3 J=2,M 
00 3 Kslvl 
2 CONT LkUE 
Jl=J-1 
K l = K - 1  / 
WRITE (6,102) J ~ , K ~ ~ ( C O M G ( J I K , I ) , I = ~ , ~ )  
00 4 J=2tvl 
00 4 K=l,l 
DO 4 IZlt2 
3 CONTIhUE 
C O M G ( J , K , I ) = r S * ( O M G ( J , K , I ) )  
63 
4 
5 
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,360 
38 
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13 
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W R I T ~  (6,101) 
W R I T E  (6,1111 
HETURFv 
EN0 
e 
I & I  EdR UNST6 
'C NASA CONTRACT NAS8-11255 (LOhGITUDINAL VIBRATION RESEARCH) 
.c S U ~ ~ R O U T I N E  FOR UNSTABLE VALUES OF THRUST FREQUENCY, EQUATION (1012 
C C O ~ S I O E R A T I O ~ V  OF 9 CASES ( 3  iNADMXSSXBLE), INVOLVING 1 2 0  VALUES. 
~ 
1 -19) 
SUBROUTINE bEUST6 (PI,R,H,TO,CK,RX,GAM,OMG,M,N) 
DIMENSION O K G ~ 2 O ~ 2 0 ~ 3 ~ ~ C O K G ~ L O ~ 2 0 ~ 3 ~ , A ( 2 0 , 2 0 , 3 ~ , 8 ~ 2 0 ~ 2 0 ~ 3 ~ ~ D E L O ~ 2 0  
1 ~ 2 U ~ 3 ) ~ C ~ 2 0 ~ 2 0 ~ 3 ~ ~ D ~ 2 O t 2 O ~ 3 ~ r F ( 2 0 , 2 0 , 3 ~ ~ ~ E T A ~ 2 O ~ 2 O ~ 3 ~ ~ ~ E T A l 2 ~ 2 O ~ 2 O  
2 r 3 ) , F l ( 4 ) r X ( 4 )  
1 0 1  F O R M A T  (20X t80HTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY FO 
1R EQUATION ( 8 4 1 ,  RAD PER S E C ~ P / / , ~ X , ~ H J , , ~ X , Z H K , , ~ X , ~ O H C O M E G A  (11, 
210X,lOHCOKEGA ( 2 ) ~ / / )  
1 0 2  FORMAT (215, 2 E 2 0 e 8 / / )  
1 0 3  FORMAT ( 1 0 X t 7 8 H F I R S T  CASE9 LG:'siER CASE M EQUAL 1, LOWER CASE N €QUA 
1 0 4  FORMAT (lOXt56HSECOND CASE, ,OhER CASE M EQUAL 2, LOWER CASE N EQU 
1 0 5  FORMAT (10Xt55HTHI2Z CAST, L3WER CASE M EQUAL 3 ,  LOWER CASE N EQUA 
1 0 6  FOHMAT (10X t5bkFCLnTtq  CASZV kCdER CASE M EQUAL i t  LOWER CASE N EQU 
1 0 7  FOHMAT (10X,7ShFiF,h CASE@ b l i l J i H  CASE M EQUAL 2, LOWER CASE N €QUA 
108 FOHKAT ( i O X t 5 5 H S I X T H  CASE, L3WiR CASE M EQUAL 3 ,  LOWER CASE N EQUA 
1L 1, (CASE FJOT ADMISSIBLE).v///) 
1 A L  l t / / )  
1L lv//) 
1 A L  2 t / / )  
1L 2 ,  (CASE hu-i A C V ~ P S S I G L E I O ~ / / / )  
1L 2 ? / / )  
l U A L  3 t / / )  
1 A L  3 ? / / )  
1L 3 ,  (CASE BOT A D M I S S I B L E ) . t / / / )  
1 0 9  F O H h t i ,  (:OX,57HSEVENTH CASE, LCWER CASE M EQUAL 1, LO,,LR CASE N EQ 
1 1 0  FORNAT (10Xt5oHEIGHTH CASE, L O ~ E R  CASE M EQUAL 2, LOWER CASE N LQU 
Ill FORMAT (LOXt78HNINTH CASE, LOWER CASE M EQUAL 3 ,  LOWER CASE N €QUA 
DO 1 J Z l t M  
DO 1 K=1,N 
00 1 I=lr3 
CONG i ~ t K t  I ) = O e O  
1 CONT 1 NU€ 
WRJTE (6,1011 
WRITE (6,103) 
DO 2 J=2,M 
DO 2 u=1,1 
00 2 1=1,2 
START= e 1 
START1=PI 
DO 3 L=1,2 
A ( J , K , I ) = ( 8 . * P I * R * H * T O * C K ) / ( H I * X o * X ( L ) )  
b ( J , K , I ) = . 5 * P I * S Q R T ( A ( J , K I I ) )  
I F ( A ( J I K , I ) - ~ . ) ~ O ~ ~ ~ , ~ ~  
I F ( B ( J ~ K ~ I ) - C 2 ) 3 0 0 ~ 3 0 1 ~ 3 0 1  
GO T O  32 
35 X(1)=STARTs O M G ( J , K t I ) )  
30 C2=2 .**28 / 
31 O E L C ( J , K , I ) = 1 e + ( P X * P I * G A M * G A ~ ) / 6 4 .  
3 0 0  D E L O ( J , K , I ) = l e + ( ( P I * ( A ( J ~ K ~ X ) * * ( 3 , / 2 , ) ) * G A M * ~ A M ) ~ ( l 6 ~ * ( l . ~ ( A ( ~ ~ K ~ I  
32 C ( J , K , I ) = S Q H T ( A B S ( D E L O ( J , K , I ) ) )  
l ) ) ) ) ) / T A N ( B ( J t K e J ) )  
68 
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+ST10 
;jASA C L ; \ T R A C T  hAS8-11255 (LOAGITUDINAL VIBRATION RESEARCH) 
SUUHUUTINE FOR I ;~STABI€  VALUtS OF THRUST FREQUENCY, EQUATION (10*2 
C G h S J , G E R A T I C N  OF 9 CASES (3 i N A D ? 4 I S S I B L E ) ,  INVOLVING 1800  VALUES. 
S L U H C ~ T I R E  ~~STlO(PI,R,H,TO,CKsRI,Gfi~,o~,G,M,N) 
D i X E h S l O h  O ~ G ~ 2 ~ ~ 2 G ~ 3 ~ r C O ~ G ~ ~ O 1 2 0 , 5 ) , A ( 2 0 r 2 0 , 3 ~ , B ~ 2 O ~ 2 O ~ 3 ~ ~ D E L O ~ 2 ~  
FORMAT (20Xt8dHTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY F O  
1-31 1 
1 ~ 2 0 r 3 ) ~ C ( 2 0 ~ 2 0 r 3 ~ ~ 0 ( 2 O ~ 2 O ~ 3 ) , F ( 2 0 , 2 0 , 3 ) ~ B E T A ~ 2 O ~ 2 O ~ 3 ~ ~ F l ~ 4 ~ ~ X ~ 4 ~  
1 R  EQUATION (911, RAD PER S E C * V / / ~ ~ X , ~ H J , , ~ X ~ ~ H K , ~ ~ X , I O H C O M E G A  ( 1 ) ~  
~ ~ O X ~ ~ ( J H C O N E G A  ( ~ ) ~ ~ O X P I O H C O K ~ G A  ( 3 ) t / / )  
FORMAT (215, 3E20.8//) 
F O R M A T  (10Xt78HFIRST CASE, LUWER CASE M EQUAL 1, LOWER CASE N €QUA 
FOBMAT (lOX,56HSECOND CASE, A O ~ E R  CASE M EQUAL 2,  LOWER CASE N EQU 
F O H N A T  ( l O X t 5 5 H T h I R D  CASE, LGWER CASE M EQUAL 3 ,  LOWER CASE N €QUA 
FGHMAT (10X,SoHFOUHTH CASE, LOKER CASE M EQUAL 1, LOWER CASE N EQU 
f O t 3 M A j  (10Xv78hFIFTH C A S E ,  L C ~ J E R  CASE M EQUAL 2, LOWER CASE N EOUA 
F O R M A T  (10Xt55HSIXTH CASE, LCWER CASE M EQUAL 3 ,  LOWER CASE N €QUA 
F O R M A T  ( lOXt57HSEVENTh C A S E ,  LOWER CASE M EQUAL 1, LOWER CASE N EO 
FOHMAT i l O X t 5 6 H E I G H T H  CASE, I O h E R  CASE M EQUAL 2 ,  LOWER CASE N EQU 
F O K M A T  (10X t70HNINTH CkSEt LClWER CASE M EQUAL 3 ,  LOWER CASE N €QUA 
eo 1 d=1,K 
DO 1 K = 1 e N  
60  1 1=1,3 
CONTihUE 
WHITE ( 6 t l O l . I  
h ' R i T E  ( 6 r L 0 3 )  
DO 2 J=2,iY', 
G O  2 1i=2,r\: 
00  2 1=1,3 
COKG ( J t K  P 1) =OKG ( J i K r  1 )  
CONT I k U E  
NHITL ( 6 ~ 1 O i )  \ 
N R I T E  (6,104) 
GO 3 dZ2,M 
DO 3 K = 2 t N  
K 1 Z K - i  
lV t i ITE (6~10Z) J ~ , K ~ , ( C O M G ( J I K , I ) ~ I = ~ , ~ )  / 
COhTIhLUE 
co  4 &J=i?iOiv;  
GO 4 KZ2rb.i 
DO 4 I=1,3 
C O M G ( J r K * I ) = , 5 * ( Q ~ G ( J I K I I ) )  
COhTINUE 
1L 1, (CASE h O T  A C K I S S I D L E ) * t / / / l  
1 A L  lv//) 
1L 1 8 / / )  
1 A L  2 r / / )  
1L 2, (CASE LOT A G M I S S I B L E ) * t / / / )  
1L 2 , / / )  
l U A L  $ , / / I  
1 A L  3 , / / )  
1L 3 ,  (CASE h O T  AOMXSSIBLE)*t///) 
CGVSG ( J 1 K P I. 1 =O 0 
d1ZJ-l 
94 
95 
37 
360 
38 
39 
390 
392 
393 
394 
395 
12 
201 
330 
331 
332 
301 
401 
11 
501 
2001 
8 
13 
96 
97 
49.3 
494 
495 
I 20 
202 
430 
431 
432 
302 
402 
19 
502 
2002 
16 
21 
98 
[&I. FOR U " S T 1 1  
c NASA CONTRACT NASO-11255 (LChGITUDINAL V I B R A T I O N  RESEARCH) 
. c  SU~HOUTXNE FOH uhSTABLE VALUtS OF THRUST FREQUENCY, EQUATION (10.2 
1-34 1 
C CONSICERATION OF 9 C K X S ~  I~ACKISSIELE) I INVOLVING iaoo VALUES, 
SUUROUTIKE CINST11:PZ < i tTOtCKtRI ,GAMsOMG,M,N) 
DIMENSION O ~ ~ G ~ 2 O ~ 2 0 ~ Y ~ ~ C O M G ~ L O ~ ~ O ~ 3 ) r A ~ ~ O ~ 2 0 ~ 3 ~ ~ ~ ~ 2 0 ~ 2 0 ~ 3 ~ ~ D E L ~ ~ 2 0  
1 0 1  FOt3MAT (20Xv80HTABLE OF UNSTABLE VALUES OF THE THRUST FREQUENCY FO 
1 ~ 2 0 ~ ~ ) ~ C ~ 2 0 ~ 2 0 ~ 3 ~ ~ D ~ 2 O ~ 2 O ~ 3 ~ , F ( ~ O ~ 2 O ~ 3 ~ ~ ~ E T A ~ 2 O ~ 2 O ~ 3 ~ ~ F l ~ 4 ~ ~ X ~ 4 ~  
1 R  EQUATIOFL (901 ,  RAD PER S E C . P / / P ~ X P ~ H J , ~ ~ X ~ ~ H K ~ , ~ X , ~ O H C O M E G A  ( l ) t  
21OXrlOHCOKEGA ( ~ ) v ~ O X P ~ O H C O K ~ G A  (3)~//) 
1 0 2  FORMAT (215, 3 6 2 0 * 8 / / )  
103 FORMAT ( 1 0 X r 7 8 H F I R S T  CASE, LGWER CASE M EQUAL l r  LOdER CASE N EQUA 
1L 1, (CASE hOT A G M I S S I B L E ) * t / / / )  
1 A L  lt//) 
1L l://) 
1AL 2 ~ / / 1  
1L 2, ( C A S E  FLOT A D P I I S S I E L E ) * ~ / / / )  
1L 2 v / / )  
l U A L  3 ~ / / )  
1AL 3v//) 
1L 3 ,  (CASE hOT A D M I S S I B L E ) * ~ / / / )  
1 0 4  FORMAT ( lOXt56HSECOND CASE, L O ~ E R  CASE M EQUAL 2r LOWER CASE N EQU 
105 F O R M A T  (10X,55HTHIRD CASE, LOWER CASE M EQUAL 3 ,  LOWER CASE N €QUA 
1 0 6  FOHMAT (10Xt56HFOURit- l  CASE, LOhER CASE M EQUAL 1, LOWER CASE bi EQU 
107 FORMAT ( 1 0 X t 7 8 H F I F T H  CASE, LOWER CASE M EQUAL 2, LOWER CASE N EObG 
108 FORMAT ( l O X t 5 5 H S I X T H  CASEo LOWER CASE M EQUAL 3 ,  LOWER CASE N EQUA 
1 0 9  FOHMAT (10Xt57HSEVENTH CASEI LOWER CASE Er, EQUAL l r  LOWER CASE N EQ 
1 1 0  F O R M A T  ( 1 0 X t 5 6 H E I G H T H  CASE, LObVER CASE M EQUAL 2,  LOWER CASE Eu t Q U  
ill FOHMAT ( 1 0 X p 7 0 H N I K T H  CASE, LOWER CASE M EQUAL 3r LOWER CASE N EGUA 
DO 1 J - l r K  
DO 1 K = l , N  
00 1 I=1,3 
COMG(JtK,I)EO,O 
1 COFLTINUE 
WRXTE ( 6 ~ 1 0 1 )  
WHITE (6~103) 
DO 2 d = 2 r M  
DO 2 K=2rT\ ;  
DO 2 I=1,3 
START= 1 
S T A i i T A = l  
00 3 L=1,2 
A(J,K,I)=(~.*~I*R*H*TO*CK)/(KI*X(L)*X(L)) 
B ( J r K , X ) = r S * P I * S G H T ( A ( J , K , I ) )  
X F ( A ( J , K , I ) - l r ) 3 0 , 3 1 , 5 0  
35 X ( 1 ) = S T A R T * ( O K G ( J , K , I ) )  
30 C2=2,**28 
I F ( U ( U , K , I ) - C 2 ) 3 0 0 r 3 0 1 , 3 0 ~  / 
GO TO 32 
3 1  D E L Q ( J , K , I ) = l , + ( P I * P I * G A M * G A M ) / 6 4 r  
300 D E L O ( J , K , I ) ~ 1 . + ( ( P I * ( A ( J ~ K r I ) * * ( 3 . / 2 r ) ) * G A M * G A M ) / ( l ~ ~ * ( l ~ o ~ A ~ ~ ~ K ~ I  
~ ) ) ) ) ) / T A N ( B ( J I K , I ) )  
32 C ( J , K , I ) = S Q H T ( A B S ( D E L O ( J , K , I ) ) )  
D ( J , K , X ) = ( C ( J , K , X ) ) * ( S I N ( B ( J I K , I ) ) )  
99 
34 
325 
33 
3 
4 
36 
37 
360 
30 
39 
390 
392 
393 
394 
395 
6 
201 
330 
331 
332 
301 
401 
5 
100 
10 1 
4 9 0  
492' 
493 
494 
495 
12 
- 202 
430 
431 
432 
302 
402 
11 
502 
2002 
a 
13 
55 
50 
51 
500 
52 
' 54  
525 
53 
15 
16 
56 
57 
560 
513 
59 
scjo 
592 
593 
594 
595 
18 
203 
530 
531 
532 
303 
403 
10 3 
17 
503 
14 
* 2003 
19 
20 
21 
65 
60 
61 
600 
62 
04 
625 
63 
23 
24 
104 
631 
632 
304 
404 
25 
504 
2 0 0 4  
22 
10 5 
106 
C 
C 
C 
c 
101 
102 
103 
1 0 4  
105 
1 
35 
30 
31 
300 
32 
34 
325 
33 
3 
4 
36 
37 
360  
38 
39 
390 
392 
393 
394 
395 
6 
201 
330 
331 
332 
301 
401 
5 
501 
2001 
2 
7 
45 
Y O  
41 
400 
42 
44 
425 
43 
9 
10 
40 
47 
460 
4a 
49 
490  
492 
493 
202 
430  
4 9 4  
495  
12 
10 9 
* 431 
432 
302 
402 
11 
502 
2002 
I -  B 
13 
55 
50 
51 
500 
52 
54 
525  
4001 
53 
1s 
16 
110 
I 56 
57 
560 
5 8  
59 
I .  
590 
592 
593 
594 
555 
18 
20s 
530 
531 
532 
303 
403 
17 
503 
20U3 
14 
19 
111 
112 
103 
I 
2 
20 
17 
I 
13 
501 
500 
113 
510 
512 
513 
511 
ti19 
S18 
514 
515 
516 
517 
522 
523 
520 
521 
7 
39 
40  
~ R I T E ( ~ I ~ ~ ~ ~ J ~ I K ~ ~ R ~ S ~ , C O M G ( ~ ~ I C O ~ G ~ Y ~ ~ C O M G ~ X Z ~  
GO T O  7 
W R I T ~ ( ~ I ~ O B ) J ~ I K ~ I R ~ S ~ ~ C O ~ G ( Y ) , C O M G ~ X Z ~  
GG T O  7 
114 
8 
4 9.3 
4S2 
493 
4 9 4  
455 
10 
410 
15 
502 
390 
392 
393 
354 
3'35 
11 
404 
21 
401 
56 
12 
19 
503 
18 
201 
200 
9 
14 
4 
115 
116 
I 
117 
4Ht N=11,8H, OMEGL=F6*3,6Ht ET 
118 
119 
120 
1000 
271 
273 
- 270 
253 
254 
260 
259 
263 
256 
255 
121 
122 
123 
1 2 4  
l -  
125  
I 
126 
,/ 
i27 
128 
129 

,/ 
C 
C 
c 
2 
3 
L 
c 
C 
4 
5 
c 
i32 
c 
c 
91 
92 
C 
C 
C 
93  
C 
C 
C 
10 
il 
C 
C 
C 
T E S T  FOR COhVEHGENCE 
ITERATIOR OLVERGEC UNLESS NCiiv, = 1 AKJ ELGGiC = .FALSE. 
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